Abstract-The Internet of Things (IoT) opens the doors to a digital revolution, but requires a robust protocol to wirelessly interconnect a large number of devices. Bluetooth Low Energy (BLE) Mesh emerges as a suitable candidate, solving the range limitations of original BLE. Nevertheless, the main limitation is shifted to the scatternet architecture: how the considerable number of end systems are interconnected to ensure the network efficiency and scalability. As of today, some timid solutions have emerged, though the most relevant parameters for the best parent selection in BLE mesh network joining procedures have not been identified yet. In this work, we perform a thorough exploration of different device and environmental parameters in a BLE mesh testbed to analyze their impact in the overall network figures of merit, such as end-to-end delay and packet delivery ratio (PDR). According to the inferred relevance, the second part of the work implements and measures the proposed parent selection algorithm. The implementation is based on the open source Fruitymesh protocol and is used as a baseline. The results reflect an enhancement in the network scalability and fairness, accomplishing a delay and PDR improvement of 26% and 10% respectively, and the avoidance of saturated branches of 24%.
I. INTRODUCTION
The integration of wireless networks in our society acquires promising forecasts, powered by the IoT emergence [1] . However, they require the interconnection of a massive number of devices. Bluetooth Low Energy (BLE) emerges forcefully for this purpose [2] thanks to its low cost and strong presence in the marketplace. Nonetheless, BLE is a single-hop technology with a coverage range of scarcely 10-15 meters in indoor applications [3] . The BLE mesh [4] release granted BLE with a mesh structure and multi-hop communication, so the coverage range can be easily augmented by enlarging the scatternet.
The BLE mesh relaying is flooding-based. Albeit is simple and straightforward, it suffers from high packet collision, unnecessary high power consumption and its set of rules does not allow fine-tuning. As a consequence, the drawback is shifted to the scatternet structure and how the different end systems are connected within the network to ensure the network efficiency.
Shifting BLE mesh towards a routing-based, connected network may solve this issue. Nonetheless, BLE nodes do not all share the same effectiveness in relaying messages nor holding new nodes, due to the heterogeneity germane to IoT applications. Therefore, the different routing-based alternatives also reinforce the relevance of the topology for the overall network performance.
A multi-hop protocol and the handling of messages with different priorities were already implemented in our BLE mesh testbed [5] . Hereby, this work proposes an algorithm to join the BLE network efficiently. Our contribution is twofold. First a wider and thoroughgoing analysis was performed to identify the most relevant parameters in the network joining process. Thereupon, they were weighted according to the inferred relevance and the resulting algorithm was measured and compared with the current procedure.
II. CURRENT FRAMEWORK Currently, the BLE nodes use simultaneously two mesh protocols [5] : Trickle [6] , a flooding scheme used for broadcasting advertisements; and FruityMesh [7] , a connectionoriented protocol used for regular data to reduce the energy consumption. FruityMesh is a clustering protocol that tends to convergence into a large and common network, which emphasizes the relevance that the location of each end system acquires to guarantee the network performance. However, this issue is not considered with the current procedure (Fig. 1) . 
III. PROPOSED BLE MESH NETWORK JOINING

FRAMEWORK
The proposed algorithm (Fig. 2 ) filters the neighbors suitable for a connection using the information extracted from broadcasted status messages and scores them. Afterwards, the highest-scored within the biggest cluster is chosen as a parent, and the ACKf ield of the joinMe packet acquires its identifier. This way, the node is able to explicitly specify its preferable connection.
The proposed scoring algorithm (Fig. 3) is compound by the slaves number (M), hops to the sink (H), buffer occupancy (B), connection interval (CI), link received signal strength (RSSI) (RL) and the RSSI between the neighbor and its master (RN). The numerical values were chosen after a thorough analysis, measuring empirically the impact and relevance of each scoring parameter in the BLE mesh testbed performance. The latter is evaluated through two main figures of merit: the end-to-end delay and PDR. The chosen weights work as a ballpark.
IV. EXPERIMENTAL RESULTS
The proposal was deployed in the training (11 BLE nodes) and in larger random-generated networks (16 nodes), using the original FruityMesh procedure as a baseline. First columns of Table I show the delay and PDR mean (µ) and deviation (σ) empirically measured in the new node. %Sat is the probability of the new device working in saturated branches, N Hops the mean distance occupied by the latter and avoid Sat denotes the avoided congested branches. The comparison in terms of delay, PDR and probability of saturation is depicted in Fig. 4 . In the training network both algorithms select the same N Hops . Since our algorithm considers the CI and chooses chiefly empty buffers, it attains a delay enhancement of 12% (Fig. 4(a) ), which conspicuously improves in larger networks, reaching the 26%. The significant reduction of σ d evinces a higher precision in choosing parents that guarantee low delays.
The PDR improvement accomplishes the 10% in larger networks (Fig. 4(b) ) since the CI consideration allows selecting nodes with buffers that empty faster. Furthermore, the noteworthy σ P DR reduction in small networks also denotes the tendency of choosing the best parent.
The proposed algorithm wisely discards bottlenecks. Moreover, discarding nodes without an empty buffer but selecting a child introduces the fairness concept. Notwithstanding, if at the decision instant a device has a buffer occupancy fairly close to the threshold, choosing a child will fail on the saturation avoidance. This drawback justifies the meager σ P DR reduction in larger scenarios. Nevertheless, it corresponds to an infrequent case. In Table I avoid Sat indicates that the 70% of branches with high traffic load are successfully avoided. Fig. 4 (c) represents a reduction of 25% in the probability of operating in saturated environments. Since a link suffering from congestion flagrantly affects the whole branch, the improvement observed in the last two graphics in the new node can be extrapolated as an enhancement of the entire network.
V. CONCLUSIONS
This paper proposes a network building scheme for BLE mesh networks. Albeit in general enlarging the scatternet will always worsen the global performance, a good master and network position allows mitigating the adverse effects. The proposed algorithm allows integrating a new device under the principles of fairness and scalability. In the vast majority of cases, the new node joins the scatternet without jeopardizing the overall network performance and being capable of performing a befitting operation in terms of delay and PDR.
The scoring algorithm values work as a ballpark. Albeit they may differ from the optimum, they are accurate enough to improve the overall network performance figures of merit.
